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Commentary
DNA damage repair (DDR) is an essential pro-

cess for maintaining genomic stability [1, 2]. In 
cancer, however, this process is often dysregulated, 
contributing to uncontrolled cell proliferation and re-
sistance to therapy [3]. Poly(adenosine diphosphate–
ribose) polymerases (PARPs) are a family of pivotal 
enzymes in the DNA repair machinery, involving in 
several DNA repair pathways [4]. In which, PARP1 
is the most abundant member and plays important 
roles in DDR and gene regulation [5]. When DNA 
damage occurs, PARP1 recognizes and binds to DNA 
lesions, then transfers ADP-ribose units from NAD+ 
to itself to form PAR chains.  Repair complex includ-
ing XRCC1 and Ligase III recognizes PAR chains as 
signals to recruit to damaged DNA and repair it [6]. 
Given its importance, PARPs have been evaluated 
as targets for cancer therapies, with inhibitors like 
olaparib and talazoparib showing promise in treating 
cancers harboring homologous recombination repair 
(HRR) mutations. Combination strategies aiming to 
enhance the therapeutic efficacy of PARP inhibitors, 
including dual targeting PARP1 and EZH2, are also 
under developing [7]. Enhancer of zeste homolog 
2 (EZH2), on the other hand, is a histone methyl-
transferase traditionally known for its role in tran-
scriptional suppression via methylation of histone 
H3 lysine 27 (H3K27). Recently, numerous studies 
revealed non-canonical functions of EZH2 in cancer 
development [8, 9]. It has been reported that EZH2 
plays an important role in DDR by transcriptionally 
repressing some critical proteins in DDR pathways, 
such as RAD51 paralogs, SLFN11 and MAD2L2 [10-
12]. Another research revealed that EZH2 can act as 
a transcriptional activator to activate genes involved 
in repair pathways [13]. More functions of EZH2 
in DDR still are needed to be determined. A recent 
study published in Science Advances on November 
27, 2024, titled “EZH2 directly methylates PARP1 
and regulates its activity in cancer,” uncovered a pre-

vious unidentified func-
tion of EZH2 in DNA 
damage repair and cancer 
progression by directly 
methylating PARP1 and 
fine-tuning its activity 
[14].

Meng et al. observed 
a direct interaction be-
tween EZH2 and PARP1 
in Prostate cancer (PCa) 
cells and patient-derived 
xenograft tissue samples. 
Interestingly, EZH2 de-
pletion and catalytic inhibition remarkably enhance 
PARP1 activity without altering its transcript or pro-
tein expression levels, which indicated a non-canoni-
cal methyltransferase-dependent manner of EZH2 in 
repressing PARP1 activity. Through posttranslation-
al modification analysis by mass spectrometry and 
site-directed mutagenesis assay, Meng et al. demon-
strated that EZH2 directly methylates PARP1 at ly-
sine 607. The study revealed that PARP1 is a novel 
non-histone substrate of EZH2, and PARP1 lysine 
methylation significantly alters PARP1’s enzymatic 
activity. 

Next, Meng et al. performed bioluminescent 
NAD detection assay, in vivo and in vitro PARP1 
autoPARylation, proximity ligation assay (PLA) and 
Comet assay to reveal how EZH2-mediated PARP1 
methylation affects its role in DDR. Results indicat-
ed that EZH2-mediated PARP1 methylation protects 
cells against NAD+ over-consumption, represses 
PARP1 autoPARylation, reduces PARylation-depen-
dent XRCC1 recruitment and finally downregulates 
DNA damage repair. This finding expands the func-
tional repertoire of EZH2 in DDR.

In addition to DNA damage repair, PARP1 is also 
involved in transcriptional regulation [15]. The study 
further explores how EZH2-mediated methylation 
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affects PARP1’s transcriptional functions. By 
impairing the interaction between PARP1 and E2F1, 
a renowned transcription factor, the methylation 
inhibits E2F1’s transcriptional activity. This finding 
links EZH2 activity to the regulation of PARP1-
mediated oncogenic pathways, providing insight into 
how these proteins collaborate to promote cancer 
progression.

The study demonstrated that EZH2 directly 
methylates PARP1 and downregulates its activity, 
and also validated the previous reported PARP1-
mediated EZH2 PARylation and activity alteration 
in PCa cells [16]. The authors use a “seesaw” model 

to describe this bidirectional regulation of EZH2-
PARP1 axis (Figure 1). As the last part, the authors 
highlight the synergistic effects of combining EZH2 
and PARP1 inhibitors in suppressing prostate cancer 
growth. This observation underscores the therapeutic 
potential of dual targeting in cancers with EZH2 
overexpression and PARP1 dependence, offering a 
compelling rationale for combinatorial approaches in 
clinical settings.

One of the strengths of this work lies in its ability 
to elucidate a novel regulatory mechanism in cancer 
biology. The direct methylation of PARP1 by EZH2 
represents an important addition to the growing list 

Figure 1. Schematic diagram for bidirectional regulation of EZH2-PARP1 axis and combination strategy of EZH2 and 
PARP1 inhibition. When only targeting EZH2, EZH2i inhibits PARP1 lysine methylation and increases its catalytic activity, upreg-
ulates the recruitment of XRCC1 to DNA lesions and associated DNA damage repair, enhances PARP1-E2F1 interaction and E2F1 
transcription factor activity, hence promoting PARP1-mediated tumor progression. While targeting PARP1 alone, PARPi inhibits 
EZH2 PARylation and subsequent degradation, thereby promoting EZH2-mediated gene silencing and cancer progression. Only 
combinational targeting of EZH2 and PARP1 can keep the “seesaw” balanced and sufficiently induce tumor cell death.
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of non-histone substrates of EZH2, broadening our 
understanding of its roles in tumor progression. 
Additionally, the study also excels in linking 
mechanistic insights to therapeutic strategies. By 
demonstrating the efficacy of combining EZH2 and 
PARP1 inhibitors, the authors translate their findings 
into a preclinical setting, bridging the gap between 
basic and translational research.

Despite its strengths, the study leaves some 
questions unanswered. For instance, the molecular 
basis of how EZH2 recognizes PARP1 as a substrate 
remains unclear. Structural studies elucidating 
the interaction between these two proteins could 
provide deeper insights into the specificity of this 
modification.

In summary, the findings presented in this study 
mark a new contribution to our understanding of the 
molecular underpinnings of cancer. By identifying 
EZH2 as a regulator of PARP1 activity, the authors 
not only uncover a novel mechanism of DNA repair 
dysregulation but also provide a strong rationale for 
combinatorial therapies targeting these two proteins. 
As research continues to unravel the intricate net-
works governing cancer progression, studies like this 
pave the way for innovative and effective treatments 
that could be exploited clinically.
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